WO 2005/025981 

Propulsion system for ships 



1 



PCT/NO2004/000253 



The invention relates to a propulsion system as indicated in the introductory part of claim 1, 
for the propulsion (propulsion and positioning) of ships and other mobile marine structures. 

5 

Background 

Diesel-electric propulsion has been popular for a while, especially for offshore vessels. One 
of the reasons for this is that the installation of the machinery is flexible, and permits cargo 
and tools to be placed where desired. 

10 

There exists multiple proposals for the electric propulsion of ships. It is for instance known to 
connect several generators in parallel, for supplying to a network. This makes it possible to 
place smaller units in free spaces in the ship, but will increase the initial costs. The propulsion 
motors have been connected to this network through power electronics converters, which per- 
1 5 mits control of the rotational speed. The alternative to this is to use a mechanical gear betwe- 
en the propulsion motor and the propeller. Both alternatives will increase the initial costs, and 
reduce the power efficiency. Furthermore, such equipment will require maintenance, and im- 
plies risk of failures. 

20 It is also known to install a larger generator to a driving machine. If this is connected to a net- 
work with fixed frequency, the driving machine must run with a high rotational speed, inde- 
pendently of the load. 

» 

To control the rotational speed by means of a network with fixed frequency, power electron- 
25 ics that can feed the propulsion motor with both variable amplitude and variable frequency is 
required. Such an installation provides good torque control and efficient propeller control, but 
represents an increased investment. In addition, the losses in the converter becomes substan- 
tial. Problems with harmonic resonance in the network necessitates cost-increasing measures 
with generators and the network as such. 

30 

An additional disadvantage resides in increased propellant expenses, especially with the use 
of a diesel engine which must run with a high, fixed rotational speed. This has resulted in the 
traditional diesel-electric propulsion system with power electronics, in spite of its favourable 
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control qualities, competing poorly with traditional directly running diesel engines when it 
comes to propellant economy. 

From published German document 1 932 929 (Siemens 1971), it is known to connect a syn- 
5 chronous generator, which is driven by a combustion engine, to two synchronous engines, one 
directly, and the other through an electrical speed governor. This solution is not suitable for 
installations where a generator shall run a single motor. 

From PCT-application WO 03/047963 (Siemens 2003) known is a gas turbine-driven syn- 
10 chronous generator, where an extensive control system is required to connect the gas turbine 
directly to the generator. This installation does not provide a simple solution for the intercon- 
nection of a generator and a propulsion motor for a propeller. 

From Japanese patent application 62079764 (Yokogawa Electric Corp. 1988) a generator- 
1 5 motor-unit for the running of a ship propeller is known, where a control circuit is connected 
between the generator and the motor, for controlling the rotational speed. This requires an 
additional unit, increasing the cost. 

Object 

20 The main object of the invention is to provide a propulsion installation that reduces the invest- 
ment, space requirements, maintenance expenses, running expenses, and the risk of failure du- 
ring use. Simultaneously the possibility to vary the rotational speed of the propeller within a 
certain range, as well as its direction of rotation, is desired. 

25 The invention 

The invention is indicated in claim 1 . It includes a driving machine for the running of an elec- 
tric generator, which furthermore is connected to an electric motor with connection to a pro- 
peller or similar propulsion device. The generator and the propulsion motor are permanent 
magnet synchronous machines with substantially the same operating characteristics. They are 
30 directly connected together with a rigid electric connection. 

It is proposed to use a slow moving multipolar motor with permanent magnets. In this way, 
the need for gearing can be avoided. For controlling the rotational speed, the propulsion motor 
is connected directly to a generator of variable frequency. Variation in the generator 
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frequency is achieved by altering the rotational speed of the driving machine, such as a diesel 
engine. 

In this way the rotational speed of the propeller can be changed without the use of power elec- 
5 tronics, and reduced without gears. This reduces the investment and also the requirement for 
space. The most important advantage will, in some cases, be the savings in propellant con- 
sumption. This applies especially for ships that often move with reduced velocity, and with 
alternating power requirements for the propeller, such as trawlers, and other fishing boats, 
supply ships, and tugboats. 

10 

The invention makes it possible to reduce the rotational speed of the diesel engine by using a 
propulsion motor with a higher number of poles than the generator, so that a lossless transmis- 
sion is provided. 

15 Because the generator is a synchronous machine, the frequency of the current and voltage out 

■ 

of the generator will be determined by the rotational speed of the generator, i.e. the diesel en- 
gine. The motor will rotate synchronously with the generator. This means that one can control 
the rotational speed of the propeller with the rotational speed of the engine. By having differ- 
ent numbers of poles on the motor and generator, the rotational speed of the propeller can be 
20 altered with an "electric gear". 

4 

The output will be a third degree function of the rotational speed, because the torque is a sec- 
ond degree function of the rotational speed. Hence, the output supplied to the propeller shaft 
can be controlled without the use of power electronics converters. This is advantageous for 
25 vessels, and operating modes, with alternating output requirements. This may be the case for 
fishing boats, supply ships, tugboats, etc. 

Additional features of the invention will appear from the dependent claims and the following 
example description. 

30 

Example 

The invention is described below, with reference to the drawings, where 
Figure 1 schematically illustrates an installation for the propulsion of a ship, including 

an embodiment of the invention, while 
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Figures 2 and 3 illustrate alternative embodiments. 

Figure 1 shows a propulsion motor 1 1 for operating a propeller 12, which is connected direct- 
ly to the motor, or possibly over an inserted intermediate shaft. The propulsion motor 1 1 is 
fed from a three-phase connection 13 from a generator 14. From the three-phase connection 
13, current is branched off to a consumption network 15, through a frequency converter 16. 
The consumption network 15 may include the usual electrical consumption equipment on the 
boat, such as that used in the operation of supply ships, or factory trawlers. The frequency 
converter 1 6 can be a motor-generator-set with power electronics. 

The generator 14 is run by a driving machine 17, which can be any speed-adjustable combust- 
ion engine, such as a gas turbine or diesel engine. 

The generator 14 is a synchronous machine with permanent magnets. It can have a relatively 
high rotational speed and few poles. This provides the possibility of making damper wind- 
ings. At its optimal operating point, such a generator will have a higher efficiency than a syn- 
chronous machine with field windings. 

Such a permanently magnetized generator may, for instance, have six poles. It will then yield 
50 Hz at 1000 RPM. 

In the example, the propulsion motor 1 1 is constructed with a higher number of poles, for ins- 
tance 24, so that a reduction gearing for the rotational speed of the driving machine 17 is achi- 
eved. With such dimensioning, engine rotation is reduced losslessly by 4:1. The generator 14 
and the propulsion motor 1 1 have mainly the same operational characteristics. 

It is also possible to use a synchronous motor with field windings, but this will have lower 
efficiency and require a magnetizing current, and thereby an auxiliary current supply. 

When starting up a synchronous generator with permanent magnets, the voltage will rise with 
the rotational speed. This means that the voltage will be above the rated voltage, at rated rota- 
tional speed, when the generator is not loaded. 
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A permanently magnetized synchronous motor with a high number of poles cannot normally 
be started by being connected directly to a generator in operation. To manage this, the propul- 
sion motor 1 1 can be supplied with damper windings, which gives it asynchronous character- 
istics in the starting phase. The lower torque which this implies, will not have particularly ne- 
5 gative effect for propeller propulsion. Since the output is proportional with the third power of 
the rotational speed, the power requirement at start-up will be modest. 

Figure 2 shows an alternative form of embodiment where the propulsion motor is connected 
to an auxiliary converter 1 8, which is used for controlling the start and rotational direction. 
10 The driving machine 17 is then run with reduced rotational speed, for instance about half 
speed, and synchronizing from reduced frequency will be performed. The synchronizing 
occurs by parallel coupling of the auxiliary converter and the generator. 

The intercoupling of the generator and the propulsion motor will be strongest at the rated 
1 5 rotational speed, and will be more likely to be put out of synchronism at reduced rotational 
speeds of the driving machine. However, this will be an acceptable problem for propeller 
propulsion. 

■ 

In the shaft connection between the driving machine 17 and the generator 14, a damping 
20 element may be inserted, such as torsional fluctuation dampers which may be hydraulic, 
which reduces strokes from the driving machine, for instance from the piston strokes of a 
diesel engine. 

It is also possible to apply damper windings in the generator 14, which have more space bet- 
25 ween the poles. Such damper windings will have a damping effect on the propulsion motor 1 1 
as well. 

The permanently magnetized units 1 1 and 14 can have the permanent magnets mounted on 
the surface of the rotor sheet and have a relatively large air gap, or can have the permanent 
30 magnets mounted in the inner of the rotor, thus reducing the air gap. For machines with per- 
manent magnets, the rotor sheet can be replaced by a ring-shaped yoke of massive steel. 

A permanently magnetized generator, which has low reactance, will not be particularly sensi- 
tive to changes in the load, so a satisfactory cos fi and efficiency can be achieved. 
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The ratio between the numbers of poles in the generator and the motor can be from 3 :1 to 
1 :20. The first may be relevant for operation of a water jet 

5 Figure 3 shows an additional alternative embodiment, where current for consumption on the 
vessel is collected from a generator 19, which is connected to another take-off point on the 
driving machine 17. In the same way as the equipment in Figure 1 is configured, the generator 
operates a frequency converter 16 for the network 15. 

10 The electrical interconnection includes protection and contactors for connection and discon- 
nection. 



